Abstract: For SMEs, innovation co-operation represents a promising avenue to get around limitations and increase their innovation capacity. But under which conditions are firms more susceptible to engage in such ventures? The purpose of this research paper is to further our understanding of the factors contributing to innovation co-operation for manufacturing SMEs from the firm's perspective. Following an online and telephone survey with SME managers (n=273), we studied the presence or absence of innovation co-operation. We subsequently investigated the intensity of innovation co-operation with market partners (clients, competitors, consultants, and suppliers) and research partners (laboratories, post-secondary education institutions, technology transfer centers, and universities), addressing gaps in a literature dominated by binary analysis. Our empirical analyses suggest that innovation co-operation is promoted by several key determinants. However, it highlights there are many important differences in the determinants of propensity versus intensity of innovation cooperation.
Introduction
In order to keep pace with markets and remain competitive, it is often not enough to rely solely on internal R&D, and it is becoming increasingly important to make the boundaries of companies permeable (Arvanitis and Bolli, 2012) . Literature shows that innovation cooperation is a way of accessing competitive resources lacking inside an organization that are much needed (Ahuja, 2000) . At this point in time, the challenge for firms is less to decide whether or not to innovate but to determine if they will do so with external partners.
Innovation co-operation, which is an important element of global innovation support policies (Arvanitis and Bolli, 2012) , is a phenomenon for which many researchers evaluated empirically the growing importance (e. g. de Faria et al., 2010 , EdwardsSchachter et al., 2011 , Arvanitis and Bolli, 2012 , Lenz-Cesar and Heshmati, 2012 . Scholars go so far as to assume that innovation co-operation is now an essential component of the company's strategy (Powell and Grodal, 2005) .
The motivations for innovation co-operation differ between small, medium and large firms (Bayona et al., 2001 ). Thus, co-operation differs between small and medium-sized enterprises (SMEs) and large organizations (Bayona et al., 2001) , which supports the relevance of focusing on SMEs. It is particularly of interest for them because external knowledge is an essential input to their innovation activity (Chun and Mun, 2012) as they generally do less research and development (Acs et al., 1994 ) than large firms. Innovation co-operation can also make it possible to overcome certain issues related to the uncertainty characteristic of innovation projects. In fact, SMEs are typically affected more by the insecurity associated with innovation projects since the failure of a project could compromise the sustainability of the entire firm (Barge-Gil, 2010) . By cooperating with other organizations, SMEs can access resources that create value and often cannot be bought on the market. This allows them to overcome a resource gap (Ahuja, 2000, Tomlinson and Fai, 2013) .
Furthermore, industries differ in their innovation processes and in their use of internal and external knowledge (Pavitt, 1984) . The literature on innovation co-operation is mainly concerned with manufacturing firms while the services sector remains under-represented (Tether, 2005) . Empirical evidence shows significant differences in innovation cooperation between service firms and manufacturing firms with the service sector resorting more to cooperating (Pires et al., 2008) . This work focuses on the manufacturing sector. With the liberalization of trade, the pressure to innovate in this field is increasingly strong. Manufacturing firms are particularly concerned with new foreign products that are entering their markets but are also enthused by the possibility of reaching new foreign customers. Therefore, for manufacturing SMEs, increasing the intensity of innovation cooperation is important as it represents a promising avenue to face challenges and limitations while improve their innovation capacity. Not surprisingly, in Canada, several Government initiatives (Gouvernement du Canada, 2017) are aimed to support innovation in this sector largely dominated by SMEs.
Under which conditions are manufacturing SMEs more likely to engage in innovation cooperation? The purpose of this research paper is therefore to further our understanding of the factors contributing to innovation co-operation for manufacturing SMEs from the firm's perspective. More specifically, we focus our analysis on direct links intended to generate product and/or process innovations. We pursue the following core research question: What factors contribute to the propensity to co-operate on innovation (cooperation/no co-operation) for manufacturing SMEs and which ones affect the intensity of innovation co-operation with market partners (clients, suppliers, competitors and consultants) and research partners (laboratories, technology transfer centers, postsecondary education institutions and universities).
The remainder of this article is articulated as follows. We will first present the theoretical foundations of this work then describe the methodology of this study which is followed by a presentation and discussion of the empirical results. We will then conclude by addressing the implications, limitations and future research avenues.
Innovation co-operation is defined in the Oslo Manual (OCDE, 2005) as "active participation in joint innovation projects with other organisations. These may either be other enterprises or non commercial institutions. The partners need not derive immediate commercial benefit from the venture. Pure contracting out of work, where there is no active collaboration, is not regarded as co-operation. Co-operation is distinct from open information sources and acquisition of knowledge and technology in that all parties take an active part in the work". In the literature, numerous terms and definitions refer to the notion of partnership to access knowledge and technology for innovation, for instance Co-operative R&D (Bayona et al., 2001) , Joint manufacturing (Theyel, 2013) , R&D cooperation (Okamuro et al., 2011) , Research co-operation (Teirlinck and Spithoven, 2013) and R&D partnerships (Hagedoorn et al., 2008) .
Scholars usually distinguishes three main types of innovation co-operation depending on the partners (as do Belderbos et al. (2004) ): horizontal (with competitors), vertical (with suppliers and customers) and institutional (with universities and research centers). However, the co-operation partner is not systematically identified in empirical articles. Authors generally put the emphasis on only one partner, mainly universities and research centers (for instance Fontana et al., 2006) but rarely compare the results for different types of partners (for instance Chun and Mun, 2012, Muscio, 2007) .
Operationalizations of the intensity of innovation co-operation are so far not abundant as the field is dominated by dichotomous dependent variables. Following a review of the literature, we categorized the research articles into four levels of analysis according to whether or not the dependent variable addresses the intensity level (dichotomous or continuous variable) or the co-operation partners (partner-specific or not). This work is summarized in Table 1 . The four operationalization levels are shown in Figure 1 . Intensity of innovation co-operation is unqualified and the types of partners are not specified "Active participation in joint R&D projects with other institutions, together with the firm's own research projects that are officially linked to those of other institutions" (Adapted from OECD, 2005) Bayona et al. (2001) .
"1 if firms are engaged in at least one cooperative R&D activity with any type of partner; otherwise, the variable is set equal to 0. Types of partners include suppliers, customers, private and public research institutions, and universities. Chun and Mun (2012) "1 of the firm is engaged in research cooperation in the period; 0 otherwise" Teirlinck and Spithoven (2013) Level 2. Partner-specific initial awareness Intensity of innovation co-operation is unqualified and the types of partners are specified "Presence of co-operative relationships with different types of partners separately […] : customers, manufacturing suppliers, other firms, [and] publicly funded research institutions" Fritsch (2001) "R&D partnerships is a dichotomously coded variable for the occurrence of an R&D partnership [with a large pharmaceutical company] for each year during the period. Each dependent variable takes the value 1 when a pair entered into an R&D partnership and the value 0 if this did not occur." Hagedoorn et al. (2008) "Engaged in R&D cooperation with academic institutes (universities or public research institutes), or with business partners, including customers and suppliers." Okamuro et al. (2011) Level 3.
Intensity insight
Intensity of innovation co-operation is qualified and the types of partners are not specified Total "number of different types of firms collaboration (1) (2) (3) [between collaboration with other firms, collaboration with universities and research centers and collaboration with technology transfer centers on innovation or business issues [combined] ]" Muscio (2007) "Intended future alliance use. We asked managers to assign a percentage (0-100) chance to the probability that their firm would form different types of alliance over the next year [including technology alliance]." Lohrke et al. (2006) Level 4. Partner-specific intensity insight Intensity of innovation co-operation is qualified and the types of partners are specified (one type) Poisson "Number of R&D projects is the measure we use for the extent of collaboration between firms and public research organizations." Fontana et al. (2006) Intensity of innovation co-operation is qualified and the diversity of partners is specified Descriptive analysis "The extent of technological cooperation activities (TCA) usage is the sum of use of all TCA in each stage, and the diversity of TCA usage is the number of TCA types (partner groups)." Chung et al. (2003) A recent systematic review posits that the determinants of innovation co-operation for manufacturing SMEs form a research field for which there has been a sustained interest in the literature since 1992 (Cloutier and Amara, 2017) . This body of knowledge is fragmented as highlighted by the variety of disciplines, authors and publications that are taking interest. The systematic review identified 220 unique determinants of innovation co-operation studied over the last 25 years. There is however no dominant explanatory model and most of the determinants not been studied more than once. They can be grouped into six categories:
 Environmental characteristics refer to the determinants pertaining to the external environment at a macro level: financial context, legal context, etc. This includes for instance the country's GDP (Dickson and Weaver, 2011) and environmental regulations (Van Gils and Zwart, 2009 ).
 Industrial characteristics refer to the activity sector and its technological intensity (Classen et al., 2012, Dickson and Weaver, 2011) , the market characteristics, for instance industry growth (Classen et al., 2012) and market size (Van Gils and Zwart, 2009) , and the technological context including length of product lives (Chun and Mun, 2012) .
 Organizational characteristics refer to the firm demographics, its markets and organizational attributes. Firm demographics include for instance the firm age (BarNir and Smith, 2002) , the type of ownership (Classen et al., 2012) , the firm size measured by either the number of employees (Verbano et al., 2015) or the sales (Blind and Mangelsdorf, 2013) . Market attributes are comprised of the firm's main market (Xia, 2013) and its exporting practices (Freel, 2003) . Organizational attributes detail the firm's resources (financial (Dickson and Weaver, 2011) etc.), processes (formalization (Lin et al., 2003) etc.), R&D capabilities (R&D employment (Fontana et al., 2006) , number of patents (Blind and Mangelsdorf, 2013) , etc.), strategic characteristics (inimitability of firm's capability (Verbano et al., 2015) , etc.) and cooperation experience (previous co-operation experience (Cho and Yu, 2000) etc.).
 Individual characteristics refer to attributes pertaining to employees, managers, management teams and firm founders. The employee characteristics comprise, for instance, their education (Muscio, 2007) and training (Teirlinck and Spithoven, 2013) . The managers characteristics consider for instance their gender (Dickson and Weaver, 2011) , their networking practices (BarNir and Smith, 2002) and their age (BarNir and Smith, 2002) . The educational background of management teams (Classen et al., 2012) has also been previously studied. As for firm founder attributes, they have been amply studied by Okamuro et al. (2011) who focused on their age, education, work experience, networking practices and innovation experience.
 Partnership characteristics refer to the relational context and the strategic focus of the firm's innovation co-operation. The relational context includes the notion of trust (Birru, 2011) , proximity (Birru, 2011) , complementarity (Chun and Mun, 2012) as well as funding and resources (Goduscheit and Knudsen, 2015) .
 Project characteristics refer to the innovation's attribute in the innovation cooperation context: innovation type (Hagedoorn et al., 2008) , cost (Chun and Mun, 2012) , risk (Lin et al., 2003) , complexity (Lin et al., 2003) and technological context (Cho and Yu, 2000) .
Research gaps
In general, innovation co-operation is studied without differentiating results between partners (clients, suppliers, universities, etc.) (for instance Bayona et al., 2001) . It makes it difficult to draw partner-specific conclusions. It represents a gap to undertake to better contextualize research on the topic.
Moreover, most of the determinants have been barely or sparsely tested and it is therefore challenging to determine an overall dominant effect for each one. Additionally, the field is dominated by binary analysis. The few studies that opted for continuous dependent variables did not even distinguish between partners. Prior research does not indeed provide a clear understanding of the determinants that have an impact on the propensity versus the intensity of innovation co-operation. Thus, the challenge is not only to explain if SMEs co-operate or not but to disentangle the factors that explain the intensity of innovation co-operation with different types of partners.
In this research, we will delve further considering new ways to approach and operationalize innovation co-operation by studying the propensity and the intensity while differentiating between partner types.
Research design
Based on the SMEs' product and process innovation co-operation partners during the past three years, we pursue the following core research question: What factors contribute to the propensity to co-operate on innovation for manufacturing SMEs and which ones affect the intensity of innovation co-operation with market partners (clients, suppliers, competitors and consultants) and research partners (laboratories, technology transfer centers, post-secondary education institutions and universities). Thus, we focus on the determinants of innovation co-operation pertaining to industrial, organization, individual, partnership, and project characteristics. Environmental characteristics were excluded as they are used to compare national data in comparative studies between countries. Consequently, we will go beyond a dichotomous notion of the phenomenon opting for a two-step process. In the first step, we will study the propensity to co-operate on innovation. In the second step, we will study the intensity of innovation co-operation with market partners (clients, suppliers, competitors and consultants) and research partners (laboratories, technology transfer centers, post-secondary education institutions and universities).
Quebec context and description of data
The phenomenon was studied in the Canadian context where the R&D spending represented 1.708% of its GDP in 2015, lagging below the OECD's average of 2.380% and ranking fifth amongst G7 countries (OECD, 2018) . The study targeted the Chaudière-Appalaches region (located in the province of Québec, between the St. Lawrence River and the border of the US state of Maine). The combination of its exceptional entrepreneurship, its high concentration of manufacturing companies and its high rate of innovation make it very suitable to study this phenomenon.
In the spring of 2017, we conducted a mixed-mode survey combining an Internet and a telephone survey using the same questionnaire. The use of a combination of data collection methodology for the same questionnaire is gaining in popularity (De Leeuw, 2005) and is considered as a promising avenue for increasing the response rate (Rasmussen and Thimm, 2009 ) and reducing costs (De Leeuw, 2005) .
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A pre-contact and validation phase preceded the data collection. The questionnaire derives from the methodology of the Olso Manual (OECD, 2005) and the findings of a systematic review of the literature on the determinants of innovation co-operation (Cloutier and Amara, 2017) .
The entire population of manufacturing SMEs (5 to 499 employees) (n=745) was targeted. The data was collected from a single informant in the organization: the CEO. The executive also had the possibility to delegate to the person managing the R&D.
The resulting sample consists of 329 total questionnaires and 273 completed questionnaires for a response rate of 38.83%. This response rate compares favourably with other studies on this population. For example, studies of innovation practices of manufacturing SMEs reached 23.4% (Low et al., 2007) and 32.5% (Terziovski, 2010) in Australia, 11.68% (Van Auken et al., 2008) in Spain, 12,5% (Lagacé and Bourgault, 2003) in Canada and 17.2% (Tomlinson, 2010) in the United Kingdom.
The possibility of non-response bias was verified by comparing respondents to the rest of the population (n=472) using four business variables for which we had data for the entire population: firm size (number of employees), revenues and technological intensity (OECD and Pavitt typologies). We conclude that non-respondents did not differ significantly from those who responded and therefore that nonresponse bias is not an issue in our sample. Thus, we are confident that we can carry out the statistical analyses.
Econometric exercise: binary logistic and linear regressions
We tackled the phenomenon as a two-step process: 1) the decision to engage in product and/or process innovation co-operation and 2) the intensity of product and/or process innovation co-operation with market and research partners. We will use the perspective of the firm to first study the presence or absence of innovation co-operation by using the dependent variable innovation co-operation and measures stemming from a systematic review. We subsequently investigated the determinants impacting the intensity of innovation co-operation with market partners (clients, suppliers, competitors and consultants) and research partners (laboratories, technology transfer centers, postsecondary education institutions and universities) the SMEs co-operated with during the previous three-year span.
Specification of the dependent variables innovation co-operation and intensity of innovation co-operation
One dichotomous dependent variable (innovation co-operation [COOP]) and two continuous dependent variables (intensity of innovation co-operation with market partners
[INDCOOPM] and intensity of innovation co-operation with research partners [LNINDCOOPR]) were created for this study. Therefore, we conducted a binary logistic regression and two linear regressions. This study combines for the first time is this field of research, to the best of our knowledge, the two levels of analysis.
The propensity of innovation co-operation is measured by a dichotomous variable (0=no; 1=yes) depending on the firm's co-operation with other companies or institutions in the development or improvement of products and/or processes.
The intensity of innovation co-operation is measured by an index derived from the scores assessing the frequency with which the firm co-operated on process or product innovation using a 5-point scale ranging from 1 (never) to 5 (Very often or always). We performed principal components factor analysis (PCFA) on the construct scales to assess their unidimensionality. Their Cronbach's alpha are .576 (INDCOOPM) and .763 (LNINDCOOPR) which is above the recommended threshold of .500 for emerging construct recommended by Ahire and Devaraj (2001) and Nunnally and Bernstein (1978) . The definitions, measures and several statistics of the three dependent variables are presented in Table 2 . [106 words] 
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Specification of the independent variables
Since there is currently no dominant explanatory model to explain innovation cooperation, this work follows the empirical evidence regarding the determinants of innovation co-operation collated in a systematic review (Cloutier and Amara, 2017) . The independent variables measures and descriptive statistics are presented in Table 3 . We will briefly introduce them in this section.
A first group of explanatory variables assess organizational characteristics. In the market characteristics category, the market obstacles index [LNOBSMARKET] measured as a mean on a Likert scale (0= not at all; 1=light; 2=medium; 3=high 4=extreme) to rate the intensity of importance of an obstacle to co-operate on innovation: 1. Competitors' behavior; 2. Competition Intensity; and 3. Market Knowledge was included in the model.
In the partnership characteristics category, a relational obstacle index, measured as a mean on a Likert scale (0= not at all; 1=light; 2=medium; 3=high 4=extreme) to rate the intensity of importance of an obstacle to co-operate on innovation: 1.Co-operation experience; 2.Trust; 3.Legal protection; and 4. Imitation, was added to the model.
For the project characteristics category, the project obstacles index [LNOBSPROJECT] measured as a mean on a Likert scale (0= not at all; 1=light; 2=medium; 3=high 4=extreme) to rate the intensity of importance of an obstacle to co-operate on innovation: 1.No innovation need; 2.Long and complicated process; 3.Fear not receive a fair share of the profits; 4.Fear losing control of the project; 5. Consider it too risky was created.
In addition to the variables included in the first model, the linear regressions models added the following variables as they pertain to the SMEs innovation co-operation profile. First, the number of years since the firm started co-operating on innovation [COOPYEARS] was added. We also included two indexes assessing the objective of the innovation co-operation projects. Table 4 .
Finally, we checked the correlation matrix between the predictors used in the regression model ( Table 9 ). The correlation matrix indicates that the highest correlation coefficient between the independent variables is that existing between organizational obstacles and relational obstacles (.567) and between relational obstacles and project obstacles (.546), which remains under the .600 threshold. Moreover, the second column of the table reports tolerance statistic values for these predictors. It can be seen that all the tolerance statistic values are much higher than .2. This ensures that there is no multicollinearity concern (Field, 2013 , Menard, 2002 . Because of the highly asymmetric distribution of this variable, a logarithmic transformation was applied to reduce the intensity of skewness. The collected numbers are presented in addition to transformed numbers to provide better data contextualization.
2
Because of the highly asymmetric distribution of this variable, a squared root transformation was applied to reduce the intensity of skewness. The collected numbers are presented in addition to transformed numbers to provide better data contextualization.
3
Variable included only in the innovation co-operation intensity linear regression models. Because of the highly asymmetric distribution of this variable, a logarithmic transformation was applied to reduce the intensity of skewness. The collected numbers are presented in addition to transformed numbers to provide better data contextualization. 
Results and discussion
This section is dedicated to the descriptive analysis as well as the analytical model and regression results.
Descriptive analysis
We conducted descriptive analyses to highlight the characteristics of the firms in the sample, focusing on the variables of interest to better contextualize the database. The resulting representative sample characteristics are resumed in Table 6 . The following table shows that 59.3% of the manufacturing SMES co-operate on innovation. Among those who co-operate, almost all of them do so with market partners (98.1%); research partners are chosen by less than half of the co-operating firms (40.1%). More specifically, as shown in the following table, the clients and the suppliers are the partners for which there is more intensity. On the other hand, competitors and the four targeted research partners are less favored. 
Analytical models and regressions results
We studied first a firm's decision to co-operate on innovation or not, and then the decision regarding the intensity of innovation co-operation, being with market or research partners. More specifically, the first dependent variable is binary and represents the decision by a firm to co-operate on innovation (0 = No Innovation co-operation, 1 = Innovation co-operation). The second and third dependant variables are continuous and represent the intensity of innovation co-operation with market and research partners.
Determinants of the decision to co-operate on innovation
The model developed for binary regression is:
where,  i (i= 0…….14) are parameters to be estimated.
Log (P i /1-P i ) is the logarithm of the ratio of the probability that a firm co-operates on innovation relative to the probability that it does not co-operate on innovation.
Results of the regression are summarized in Table 10 (Panel A). The first equation has good predictive power, with 70.4% of correct predictions. The value of the Nagelkerke R 2 (Pseudo R 2 ) is .271, which is quite reasonable for qualitative dependent variable models. Furthermore, the computed value of the likelihood ratio (i.e., 52.308) is much larger than the critical value of the chi-squared statistic with 14 degrees of freedom at the 1 percent level (29.1412) . This suggests that the null hypothesis, that all the parameter coefficients (except the intercept) are all zeros, is strongly rejected. Consequently, the model is significant at the 1 percent level.
The likelihood of firms to innovate increases as the percentage of sales invested in R&D increases in the firm, as the firm increases the percentage of employees involved in R&D activities, as the percentage of exports at the firm increases, and as the firm increases the number of advanced technologies used in the firm's manufacturing processes.
Six out of the 14 explanatory variables introduced in the model explain the propensity to co-operate on innovation.
The positive relation between the percentage of R&D employees and the likelihood to cooperate on innovation means that, as the number of an SME's employees working in R&D increases, they are more likely to co-operate on innovation. Also, as the market obstacles index increases, the likelihood to co-operate on innovation increases as well. This means that SME CEOs rating the importance of uncertainties relating to competitor behavior, competition and intensity and market knowledge as a higher risk have more chances to opt for innovation co-operation. In this case, innovation co-operation may be perceived as a way to mitigate those risks. On the other hand, the negative relation between the relational obstacles index and the likelihood to co-operate on innovation co-operation indicates that, as the importance given to the following elements increases, firms are less likely to engage in innovation co-operation: (1) Co-operation experience; (2) Trust; (3) Legal protection; and (4) Imitation. Also, the negative relation between the project obstacles index and the likelihood to co-operate on innovation co-operation indicates that, as the importance given to the following elements increases, firms are less likely to engage in innovation co-operation: (1) No innovation need; (2) Long and complicated process; (3) Fear not receiving a fair share of the profits; (4) Fear losing control of the project; and (5) Consider it too risky. For the control variables, size and firm age both had a negative relation to co-operation on innovation: as the number of employee and the age of the firm increases, the likelihood to co-operate on innovation is less likely.
Determinants of the decision about the intensity of innovation co-operation with market and research partners
To study the impact of explanatory variables on the firm's degree of innovation cooperation with market and research partners, we developed the following ordinary least squares model:
where,  i (i= 0…….20) are parameters to be estimated.
Results of the regression are summarized in Table 10 (Panel B and Panel C). Consensus is lacking regarding the interpretation of R 2 but Cohen's (1988) thresholds for the behavioural science suggests that in excess of 0.13, the model may be considered eligible for interpretation and shows a medium size effect. Due to the exploratory nature of this work, the R 2 statistics obtained are deemed acceptable (.120 and .259). The total amount of variance in the magnitude of degree of novelty of innovation cooperation with market partners explained by this model is shown by the adjusted R 2 to be .120. Nine out of the 20 explanatory variables introduced in the model explain the propensity to co-operate on innovation.
The results show that the intensity of innovation co-operation with market partners increases with the distance to the closest university, the importance of the organizational obstacles assessment, product innovation, firm co-operation years, a mixed formality, exports and technology intensiveness. Also, a female CEO increases the intensity of innovation co-operation with market partners.
The total amount of variance in the magnitude of degree of novelty of innovation cooperation with research partners explained by this model is shown by the adjusted R 2 to be .259. Seven out of the 20 explanatory variables introduced in the model explain the propensity to co-operate on innovation.
The results show that the intensity of innovation co-operation with research partners increases with the distance to the closest university, firm co-operation years, a strategic focus on products, formal relationship with co-operation partners, the importance of the project obstacles assessment, size and technological intensiveness.
Takeaways
Our empirical analysis clearly shows that, overall, there are significant differences between the results obtained from the first panel and the two panels differentiating between partner types. It confirms that some of the determinants are significant to assess the propensity of innovation co-operation but are not significant to explain the innovation intensity with market or research partners. The opposite is also true; some determinants are only significant in the second step but not in the first step. We can also distinguish differences between the intensity for market and research partners. Consequently, by studying the phenomenon as a two-step process and distinguishing between partner types (market versus research partners), we confirm that the determinants do not have the same impact depending on partner type.
More specifically, R&D employees, market obstacles, and firm age were only significant to explain SMEs propensity. On the other hand, organizational obstacles, product innovation, mixed formality of co-operation, CEO gender and exports were only significant to explain the intensity of innovation with market partners. As for a strategic focus on product, formal co-operation, the importance of project obstacles, and size, they were only significant to explain innovation co-operation with research partners. 2.198 (19;65) at 1% a *, **, *** indicate that variable is significant at 10%, 5% and 1%, respectively. b LN indicates the logarithmic transformation of the variable whose name it precedes. c SQRT indicates the logarithmic transformation of the variable whose name it precedes. d These variables were only included in the linear regressions models. e The reference category is Formality Informal [FORMALITYINF] .
Conclusion and implications
This work furthers our understanding of innovation co-operation by analyzing the impacts of certain conditions on SME's decision not only to engage but also to what extent in terms of intensity. By differentiating between two groups of partners, namely those pertaining to the market partners and those pertaining to the research partners, it goes beyond a dichotomous notion of the phenomenon and highlights the differences. Therefore, it provides insights on the phenomenon.
The research shows that the determinants of innovation co-operation differ whether the dependent variable is dichotomous or continuous. Therefore, it emphasizes the importance of studying the phenomenon from a more detailed partner-specific perspective. It lays a solid foundation for future research on the topic, building upon the literature that has been published so far.
Owners and managers of manufacturing SMEs will clearly gain from our findings. They will be able to use the results to identify which elements may hinder or facilitate their innovation co-operation capacity with market and research partners. It underlines for policymakers the determinants that they are able to target by their initiatives in order to continue to support this practice.
More specifically, manufacturing SMEs are more likely to engage in innovation cooperation if they are younger and if their ratio of R&D employees and employees increases. Those detaining the following attributes tend to co-operate more with market partners: female CEO, exporting firms and higher technology intensiveness opting more for a mixed mode of formality for co-operation. As for the intensity of co-operation with research partners, they have the following attributes: strategic focus on products for innovation, higher technological intensiveness and opting more for formal co-operation.
Limitations and avenues for future research
The study was conducted on a small sample of Canadian manufacturing SMEs. A similar study on a larger scale could further our understanding. The sample also lacked high technology intensive firms. Future studies could further address differences for those firms.
This work did not explore in great lengths the individual characteristics of the manager, the management team, the founder and the employees. More importance could be given to the determinants pertaining to individual characteristics in future work.
Upcoming studies should also help establish the importance of each determinant in the decision-making process to engage in innovation co-operation to highlight the necessary and sufficient conditions.
